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Description 

[0001 J The invention relates to an apparatus for fab- 
ricating a three-dimensional object according to the pre- 
characterising part of claim 1 and to a method of assem- 
bling an apparatus for fabricating a three-dimensional 
object. 

BACKGROUND OF THE INVENTION 

[0002] Rapid prototyping describes various tech- 
niques for fabricating a three-dimensional prototype of 
an object from a computer model of the object. One 
technique is three-dimensional printing whereby a spe- 
cial printer is used to fabricate the prototype from a plu- 
rality of two-dimensional layers. In particular, a digital 
representation of a 3-D object is stored in a computer 
memory. Computer software sections the representa- 
tion of the object into a plurality of distinct 2-D layers. A 
3-D printer then fabricates a layer of material for each 
layer sectioned by the software. Together, the various 
fabricated layers form the desired prototype. 
[0003J In one method of three-dimensional printing, 
layers of a powder material are deposited in a confined 
area. A binder solution is selectively deposited on each 
layer to produce regions of bound powder. The unbound 
powder is then removed to yield a three-dimensional 
part. 

[0004] Various mechanisms have been used to form 
and print on the layers of build material. 
[0005] W095/34468 describes an apparatus used for 
powder handling in a layerwise additive fabrication proc- 
ess such as three-dimensional printing (3DP) or selec- 
tive laser sintering (SLS), comprising apparatus for dis- 
pensing bulk powder so that it can readily be spread into - 
a series of thin layers, for conveying bulk powder so as 
to fill the dispensing apparatus and further for collecting 
excess dispensed powder not incorporated into these 
layers. The dispenser functions by applying a high-fre- 
quency vibration to an enclosure filled with powder, < 
whose bottom face is perforated. It is filled by a hopper 
above which is itself filled from a powder supply contain- 
er by the use of a vacuum. Finally excess powder falls 
into a gutter and removed from it by a vacuum cleaner 
after a seal on the gutter has closed. a 
[0006] EP0431 924 A describes a process formaking 
a component by (A) depositing a first layer of a powder 
material in a confined region and then (B) depositing a 
binder material to selected regions of the layer of pow- 
der material to produce a layer of bonded powder ma- 5< 
terial at the selected regions. Such steps are repeated 
a selected number of times to produce successive lay- 
ers of selected regions of bonded powder material (C) 
so as to form the desired component (D). The unbonded 
powder material is then removed (E). In some cases the ss 
component may be further processed as, for example, 
by heating it to further strengthen the bonding thereof 
[0007] W094/26446 d scribes a method to create 



three-dimensional bodies, for example models, formers, 
finished products, semi-finished products, am ng oth- 
ers, from a medium consisting of particles, by producing 
a number of cross-sectional layers, each and every one 
5 representing a cross section of an object that has to be 
manufactured, whereby by means of an energy produc- 
ing device, which moves over the medium, the particles, 
in the just then topmost layer, in chosen areas, are con- 
nected at least with each other or with each other and 
10 with a preceding layer, in accordance with signals from 
a control uniL Particles that are not connected in respec- 
tive layer are removed. The energy producing device, 
which comprises at least one electrode, forms one of 
the poles in a circuit, where the other pole is constituted 
1 5 of said medium, which is electrically conducting or sem- 
iconducting when these poles are connected to at least 
a voltage source, whereby energy waves are formed be- 
tween said electrode and said medium, for example in 
form of at least an electric arc or heat, that connect the 
20 material particles of said medium by changing the phys- 
ical characteristics of said particles in said chosen area 
[0008] W094/1 9112 describes a system for produc- 
ing three dimensional components by bonding together 
successive layers of a porous material with droplets of 
?5 a binder material. A binder printhead has an array of 
nozzles which controllably supply jets of binder material 
droplets to the layers of porous material. The printhead 
is scanned in a raster scan fashion over each layer of 
porous material along a first scan axis in one direction 
o to provide first fast scanning paths of droplets. The print- 
head is then moved laterally of such one direction and 
is then moved along the fast scan axis in the opposite 
direction to provide second fast scanning paths of drop- 
lets which are interlaced with the first scanning paths. 
5 The supply of the droplets to the porous material can be 
controlled so as to control the overlapping thereof to pro- 
duce various desired surface and interior characteristics 
of the opponents. 

[0009] DE 44 1 7 083 describes a coating device for a 
► stenographic means of forming a three-dimensional 
object comprises a main container for an overflow con- 
tainer. Both containers are separated by an overflow 
edge. This edge sets the level of the fluid polymer in the 
main container. Overflowing fluid is extracted through a 
pipe with a pipe pump. The drawn-off fluid is returned to 
the polymer surface or to the part which is to be formed 
by a dispenser, which functions as an applicator on the 
one hand and as a smoothing element on the other. 
While this is happening, the dispenser moves plane-par- 
allel with the surface of the polymer. Excess fluid flows 
back to the overflow container and so the cycle is com- 
pleted. The thickness of coating applied is determined 
by the amount delivered by the pump or alternatively by 
the speed of the dispenser. 

[0010] WO92/08592 describes an apparatus for fab- 
ricating parts by selective laser sintering is disclosed, 
which includes a baffle f rdirectinggasatth target sur- 
face. The gas is preferably controlled in temperature to 
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cool, by convection, a layer of heat-fusibl powder after 
it has been selectively laser sintered, to the temperature 
of the part formed in prior layers. The cooling preferably 
occurs prior to the application of the next layer of pow- 
der. The baffle directs gas flow towards the center of the 5 
target surface and exhaust ports are provided on multi- 
ple sides of the target surface so that the gas flow is 
substantially symmetric at the target surface. A ring ex- 
haust hood may be suspended over the target surface, 
so that uniform gas flow may result and so that powder to 
may be disposed over the target surface by way of a 
counterrotating roller. The baffle may direct the gas di- 
rectly at the target surface, or may be constructed so 
that the gas spirals toward the target surface in a cy- 
clonic fashion; further alternative baffles can be used to 15 
direct the gas at the target surface in a nonuniform fash- 
ion, including turbulent or arbitrary flow patterns. 
[0011] WO-A-95/34468 discloses an apparatus for 
fabricating a three-dimensional object according to the 
preamble of claim 1 . The present invention, in a first as- 20 
pect, is characterized by the features of the character- 
izing portion of claim 1 . The present invention, in a sec- 
ond aspect is a method of assembling such an appara- 
tus as claimed in claim 16. 

[0012] Particular embodiments of the invention are 25 
the subject of the dependent claims. 
[0013] Build material is stored in the feed reservoir in 
a powdered form and is extracted as required to build 
the three-dimensional object. The build table receives 
an incremental deposit of build powder transferred from 30 
the feed reservoir. The build powder preferably reacts 
with an applicable binder to form a solid region. Excess 
build powder which is not deposited on the build (able 
is received at an overflow cavity. During fabrication, air- 
borne build material is also created in the work area. 35 
[0014] A filtration system including a vacuum pump 
and a filter is preferably coupled to the overflow cavity 
and removes the excess build powder from the overflow 
cavity. The filtration system may also includes a dehu- 
midifying element to remove excess moisture from the *o 
air. The filtration system may draw air from the overflow 
cavity during operation of the printer. The user can se- 
lect to divert the suction to an inlet to act as a moveable, 
miniature vacuum cleaner. 

[0015] The filtration system preferably recirculates <s 
the filtered, dehumidified air from the work area to a 
clean area of the printer. The clean area can include 
electronics and other equipment damageable by the air- 
borne build material. A partial seal may separate the 
work area from the clean area and a mechanical cou- so 
pling may extend through the partial seal to operate the 
fabrication assembly. A positive pressure differential 
helps to keep airborne powder out of the clean area. 
[0016] Binder liquid is preferably applied by a move- 
able gantry suspended over the feed reservoir, the build 
table and the overflow cavity. The gantry can also in- 
clude a spreader for transferring build material from the 
feed reservoir to the build table to create incremental 



layers. Th gantry may include bind r jets in at least one 
binder cartridge, ach binder jet being coup! dt a sup- 
ply of binder to selectively deposit binder on the layers 
of build material. 

[0017] Varied volumes of binder may be applied to se- 
lected positions in the layers of build material. By apply- 
ing these varying quantities of binder, the strength of the 
part can be controlled. In particular, a greater volume of 
binder is deposited at the perimeter of the cross-section 
to create a hard outer shell. Varying volumes can be de- 
posited by varying the flow rate of the binder from the 
jets or by depositing binder at a variable number of times 
at a selected position. 

[0018] The binder can include color dyes. Drops of 
binder and dyes are selectively deposited on a layer of 
build material to create a multi-colored object. In partic- 
ular, the dyes are selectively deposited to color the out- 
side surface of the object. The binder itself can be un- 
colored or combined with the dyes. 
[0019] During operation, the binder jets can be 
clogged by debris, including a mixture of the binder and 
the build material. A cleaning assembly on the gantry 
may include a wiper membrane to remove build material 
and other debris from the binder jets. In particular, a wip- 
er element may be provided in a path from the binder 
jets. The binder jets are periodically directed to travel 
across the wiper element so the wiper element can dis- 
lodge residue from the jets. The wiper element can be 
cleaned by flowing binder material from the jets over the 
wiper element to clean the wiper element. The resulting 
waste liquid can be collected for disposal in a waste con- 
tainer. 

[0020] For a number of reasons, including clogging 
and misalignment, a particular binder jet in a print car- 
tridge may be faulty. The faulty jet can create an unde- 
sired line of delamination in each layer of build material. 
The binder jets may be offset by a fixed distance be- 
tween successive layers. This offsetting creates a dis- 
continuity between the lines of delamination. This shin- 
gling effect is created by laterally offsetting the binder 
jets relative to the direction of a print scan. 
[0021] Th efeed reservoir and the build chamber may 
be pistonbox es fabricatedfrom a unitary m aterial. The" 
piston boxes include sides which join each adjacent side 
at a curved interior corner. A piston is chosen to have a 
shape which compliments the interior shape of the box. 
A seal is provided between the outside edges of the pis- 
ton and the interior surface of the box to retain the build 
material over the pistons. Preferably, the box is formed 
by shaping a flexible metal belt to form a smooth interior 
surface. The curved interior corners are formed by wrap- 
ping the belt around a plurality of rods to define the cor- 
ners. The belt is then fixed in place by a volume of cured 
urethane and the rods are removed to yield a piston box 
having a smooth interior surface. 
[0022] The above and other features of embodiments 
of the invention, including various nov I details of con- 
struction and combination of parts, will be more partrc- 
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ularly described with reference to th accompanying 
drawings and pointed out in the claims. It will be under- 
stood that the particular method and apparatus for pro- 
totyping a three-dimensional object embodying the in- 
vention is shown by illustration only and not as a limita- 
tion of the invention. The principal and features of this 
invention may be embodied in varied and numerous em- 
bodiments without departing from the scope of the in- 
vention. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] 

FIG. 1 is a schematic diagram of an apparatus for 
rapid prototyping in accordance with the invention. 
FIG. 2 is a perspective view of the basic elements 
for regulating airflow through the three-dimensional 
printer. 

FIG. 3 is a top side view of the three-dimensional 
printer in accordance with the invention. 
FIG. 4 is a detailed top side view of a print gantry 
useful with the present invention. 
FIGs. 5A-5D are schematic diagram of a process 
for controlling print medium useful with the present 
invention. 

FIG. 6 is a schematic diagram of a preferred appa- 
ratus employing multiple binder cartridges. 
FIG. 7 is a schematic diagram of another preferred 
apparatus employing multiple binder cartridges. 
FIG. 8 is a schematic diagram of yet another pre- 
ferred apparatus employing multiple binder car- 
tridges. 

FIG. 9 is a schematic diagram of a binder cartridge 
having a faulty binder jet. 

FIG. 1 0 is a schematic diagram of a preferred meth- 
od of printing two layers with a faulty binder jet. 
FIG. 1 1 is a schematic diagram of a preferred tech- 
nique to fabricate the feed reservoir 24 and the build 
chamber 26. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT OF THE INVENTION 

[0024] FIG. 1 is a schematic diagram of an apparatus 
for rapid prototyping in accordance with the invention. 
As illustrated, there is a computer 1 , a three-dimensional 
printer 3 t a formed 3-D printer object 5. a postprocessing 
system 7 and a post-processed 3-D prototype object 9. 
[0025] The computer 1 is preferably a personal com- 
puter, either a desktop computer or a portable computer. 
The computer 1 can be a stand-alone computer or a part 
of a Local Area Network (LAN) or a Wide Area Network 
(WAN). In accordance with the invention, the computer 
1 includes a software application 12, such as a Compu- 
ter Aided Design (CAD)/Computer Aided Manufacturing 
(CAM) program. The CAD/CAM program 12 manipu- 
lates digital representations of three-dimensional ob- 



jects 1 7 stored in a data storage area 1 5. The CAD/CAM 
program 12 can create, modify and retrieve the stored 
representations 17. When a user desires to fabricate a 
prototype object 9 of the stored object representation 
s 1 7, the user exports the stored representation to a high- 
level software program 1 8. From the high-level program 
18. the user then instructs the program 18 to print The 
program 18 sections the digital representation 17 into a 
plurality of discrete two-dimensional layers, each of a 
predetermined thickness. 

[0026] The program 18 prints each layer by sending 
high-level instructions to control electronics 52 in the 
printer 3, which operates the three-dimensional printer 
3. Alternatively, the digital representation of the object 
'5 17 can be directly read from a computer-readable me- 
dium (e.g., magnetic or optical disk) by printer hardware. 
The three-dimensional printer 3 includes a dirty area 20 
where the printing is performed and a clean area 50 
where control electronics 52 are housed. 
2° [0027] The three-dimensional printer 3 uses an ink jet 
type print cartridge to deposit binder solution from the 
ink jets onto successive layers of a powdered build ma- 
terial, such as disclosed in U.S. Patent Application Se- 
rial No. 08/707,693, filed on September 4, 1996, the 
25 teachings of which are incorporated herein by reference 
in their entirety. Where the binder combines with the 
build powder, the powder reacts and cures into a solid 
structure. By controlling the placement of binder drop- 
lets from these binder jets, the solid structure of the 2-D 
30 cross section can be physically reproduced. The three- 
dimensional printer 3 fabricates a physical layer for each 
sectioned layer provided by the program 18. When the 
file has been completely printed, an unfinished three- 
dimensional part 5 is formed. Further details of binding 
35 a powder to form an object are disclosed in U.S. Patent 
Nos. 5,340,656 to Sachs et al. and 5.387,380 to Cima 
et al., the teachings of which are incorporated herein by 
reference in their entirety. 

[0028] The post-processing system 7 is typically re- 
<o quired to finish the prototype object 9 from the printed 
part 5, Various finishing options are available depending 
on the result to be achieved. Preferred options will be 
described in more detail below. 

« AIR FLOW 

[0029] In accordance with a preferred embodiment of 
the invention, air can be circulated throughout the ma- 
chine to maintain a humidity controlled environment and 
so to solve a variety of problems. One of the major prob- 
lems addressed by the invention is that of airborne pow- 
der which can cause reliability problems. Airborne pow- 
der can get into the binder jets and thereby cause them 
to clog and hinder printing. Also, the powder can cause 
55 damage to the printer electronics and other sensitive 
hardware. Finally, loose powder can be released into the 
environment when a top enclosure covering the printer 
is pen, thereby causing an annoyance to the user. 
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[0030] FIG. 2 is a p rspective view of the preferred 
airflow system for the three-dimensional printer 3. As il- 
lustrated, the three-dimensional printer 3 includes a top 
deck 22 having a plurality of depressed cavities. Illus- 
trated along the x-axis are a rectangular feed reservoir 
24 having a bottom feed piston 25, a rectangular build 
chamber 26 having a bottom build piston defining a build 
table 27, and a funnel-shaped overflow cavity 28. Al- 
though omitted from the drawing for clarity, a seal is fixed 
to the pistons 25,27 and is slidable against the interior 
walls of the piston boxes 24,26. Although also not illus- 
trated, a top cover isolates the printing area from the 
outside environment. . . . 

[0031] The overflow cavity 28 is connected to an air 
filtration and conditioning system 30. A vacuum pump 
34 draws air from the overflow cavity 28 through an in- 
flow conduit 31 into a filter chamber 32. Foreign matter 
is extracted from the air by the filter chamber 32, such 
as through a collection bag and filter arrangement The 
: * filtered air from the vacuum pump 34 is provided by a 

filter conduit 35 to a desiccant cartridge 36 to control the 
humidity of the filtered air. The dehumidified filtered air 
is provided by an outflow conduit 37 to a port leading to 
the clean area 50. 

[0032] In addition to capturing excess powder, the air- 
flow through the overflow cavity 28 reduces the amount 
of airborne powder to facilitate machine reliability and 
user satisfaction. 

[0033] The airflow through the overflow cavity 28 can 
be shutoff by the user pressing a button or operating a 
switch (not shown) which closes a valve 39. Suction is 
diverted to an alternative inflow tube 31 ' which termi- 
nates at an inlet 38 which can be extended and manip- 
ulated by the user as a miniature vacuum cleanerto vac- 
uum excess, unbound powder from in and around the 
build chamber 26 once the building of the part 5 is com- 
plete. To facilitate this cleaning process, the alternative 
inflow tube 3V is of a smaller diameter than the inflow 
conduit 31 so the airflow automatically jumps to a much 
higher velocity when this miniature vacuum 38 is being 
J used. The airflow returns to its lower level when the user 
switches the valve 39 back to generate flow from the 
overflow cavity 38. Preferably, the valve 39 automatical- 
ly switches to the overflow cavity 28 when building re- 
commences. ^ 

[0034] FIG. 3 is a lop view of the three-dimensional, 
printer 3 of FIG. 1. Shown in more detail are the dirty 
area 20 and the rear clean area 50, with both tops re- 
moved. The top deck 22. in addition to the three boxes 
24, 26, 28 includes an abrasive section 29 discussed 
below. A print gantry 40 is suspended over the top deck 
22 by an arm assembly 55 connected to a track 57 and 
a support rod 23. During operation, the arm moves along 
the x-axis on the track 57 and the support rod 23 to move 
the gantry 40. 

[0035] The dirty area 20 is separated from the clean 
area 50 by a sliding seal 90 through which the arm as- 
sembly 55 extends. The sliding seal may be a slit formed 



in a plastic sheet. The perational electronics 52 are lo- 
cated in the clean area 50. Because f a pressure dif- 
ferential between the dirty area 20 and the clean area 
50. airflows from the clean area 50 through the sliding 
5 seal 90 into the dirty area 20. This positive pressure dif- 
ferential is maintained to keep powder particles and dust 
out of the clean area 50. This airflow into the clean area 
50 from the airflow system 30 also helps to cool the elec- 
tronics 52. 

io [0036] As illustrated, the gantry 40 includes a print slot 
42 which defines a printable area, and a binder cartridge 
45. The binder cartridge 45 reciprocates in the y-axis 
along a print track 46. During printing, the y-axis is a* 
faster print ax[s.than the x-axis of the gantry movement. 
'5 The gantry 40 preferably includes at least one ink jet 
print cartridge 45, each having a plurality of binder jets 
for depositing a binder liquid. The binder jets receive 
binder solution from a binder reservoir 75 (FIG. 2) 
through at least one binder conduit 77. Also illustrated 
20 is a spreader roller 48 for dispersing build powder from 
the feed reservoir 24 to the build chamber 26. 
[0037] FIG. 4 is an enlarged schematic diagram of the 
print gantry 40 of FIG. 3. Illustrated are a row of binder 
jets 47 in the cartridge 45. Included is a jet wiper 43, for 
25 example, a flexible rubber blade, which removes resi- 
due from the binder jets 47 during each reciprocation 
cycle. Also shown is an enclosure 44 over the scan area 
of the printer cartridge 45. The roller 48 is flanked by two 
plow members 49 which cooperate to prevent an accu- . 
30 mulation of excess print medium from the edges of the 
feed curl 24 and the build cavity 26, as described in more 
detail below. 

[0038] Air also flows from the clean area 50 to the car- 
tridge enclosure 44 through an air tube 58. A positive 
35 airflow can be matched by the pressure differential be- 
tween the clean area 50 and the dirty area 20. although 
a fan 59 placed on the clean area 50 can be used to 
assist the airflow out of the cartridge enclosure 44 to 
provide a positive pressure and thereby hinder powder 
to from entering the enclosure 44. This hinders airborne 
powder, resulting from the impact of the liquid binder hit- 
ting the powder, from traveling onto the binder jets and 
thereby clogging them. 

« PRINTING .. - 



[0039] FIGs. 5A-5D are schematic diagrams illustrat- 
ing a preferred process for handling the build powder. 
Illustrated are the feed reservoir 24. the build chamber 
so 26 and the overflow cavity 28 depressed in the top deck 
22. A supply of build powder 60 is supported in the feed 
reservoir 24 by the movable feed piston 25 and the build 
table 27 is shown within the build chamber 26. As known 
in the art. the feed piston 25 moves incrementally up- 
55 ward in the z-axis during operation, while the build table 
27 moves incrementally downward in the z-axis. A con- 
stant airflow down th overflow cavity 28 is created by 
the vacuum pump 34 (FIG. 2). 
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[0040] Referring to FIG. 5A, the flo r 25 of the feed 
reservoir 24 has been positioned such that a sufficient 
quantity 62 of build material 60 for one layer protrudes 
above the feed reservoir 24. The build tabie 27 has been 
positioned to a specific depth to receive a first layer of 5 
build material. Preferably, the build table 27 is incremen- 
tally lowered to create a plurality of successive build lay- 
ers, each about 5-9 mils thick or less. 
[0041 J Referring to FIG. 5B. the roller is rotated coun- 
ter to its forward motion to push the quantity of build ma- to 
terial 62 forward toward the build chamber 26. As illus- 
trated in FIG. 5C. the roller 48 continues across the build 
chamber 26 to deposit a finite layer of build material 64 
onto the build table 27. To assure that a full build layer 
is deposited on the build table 27, an excess amount of is 
build materia! 60 is provided by and removed from the 
feed reservoir 24. This excess build material 66 is 
dumped by the roller 48 into the overflow cavity 28 
where the airflow carries the particles to the filtration 
system 30 (FIG. 2). 20 
[0042] At least a portion of the gantry 40 also passes 
over the overflow cavity 28 to clean debris from the bot- 
tom of the gantry 40. A crusted layer is typically gener- 
ated on the front bottom of the gantry as a result of air- 
borne powder mixing with the binder material. This layer 25 
tends to become thick over time and drags on the pow- 
der bed causing indentations on the top layer of the pow- 
der bed and leading to flaws in the final part. Small 
brushes, loop material (e.g., Velcro® fastener material) 
or other abrasive 29 are placed on top of the top deck 30 
22 to scrape excess debris from the bottom of the gantry. 
This debris is then sucked down the overflow cavity 28 
when the leading edge of the gantry 40 passes over it. 
[0043] Having layed a current layer with movement of 
the gantry in the x-direction, the 2-D cross-section of 35 
that layer is printed. In particular, the printing occurs dur- 
ing successive passes of the print cartridge in the y-di- 
rection during the reverse pass of the gantry in the neg- 
ative x-direction. Other printing methods can be used 
instead, as described in detail below. 40 
[0044] As noted, the spreader roller 48, attached to 
the gantry, picks up powder 62 from the top of the feed 
piston 25 and spreads it onto the top of the build table 
27 in the build chamber 26. By moving the powder 62 
over such distances, this process is potentially the one 45 
to cause the most airborne powder. 
[0045] As the build material is being spread, a wave 
of powder 65 results and tends to move laterally relative 
to the roller's direction of motion. The plows 49 (FIG. 4) 
tend to contain the wave of powder 65. This prevents so 
build material from spilling over onto the top deck 22 and 
forming a pile, which is undesirable from the standpoint 
of machine reliability and user satisfaction. The plows 
49 form a seal against the ends of rotating and translat- 
ing spreader roller48 and against the top of the top deck 55 
22. Springs are preferably utilized to generate an inward 
force on the plows 49 toward each other, causing the 
plows 49 to form a tight seal with the spreader roller 48. 



The springs also g nerate a downward f rce on the 
plows 49 to form a seal with the top of the t p deck 22. 
[0046] The plows 49 are preferably fabricated from an 
oil-filled plastic material to reduce the friction between 
the bottom of the plows 49 and the top of the top deck 
22 during powder spreading. The oil-filled material also 
forms a barrier which prevents powder from sticking to 
the bottom of the plows 49. In addition, the oil-filled ma- 
terial may also provide a self-replenishing release layer. 
[0047] As the spread roller 48 pushes the wave of 
powder 65, there is an accumulation of powder on the 
leading edge which gets pushed sideways onto the area 
in front of the plows 49. This powder is pushed along by 
the plows 49 until it is finally sucked through the overflow 
cavity 28 or piled out of the way. The overflow cavity 28 
is preferably wider than the feed reservoir 24 and build 
chamber 26 openings to capture this powder. 
[0048] The impact of the binder hitting the powder lay- 
er during binding causes powder to fly up and hit the 
bottom of the binder cartridge. Because the cartridge is 
wet with binder, the powder can then harden and form 
a crust on the bottom of the cartridge or it could possibly 
eventually get inside the jets, thereby clogging the outlet 
of the jets. In addition, excess binder occasionally forms 
a droplet which rests on the bottom of the cartridge and 
remains there as a result of surface tension. This can 
also cause clogging of the outlet of the jets or deflection 
of the jets. When jets are clogged, the binder is not de- 
posited where desired, thereby causing faults in the final 
part. Therefore, a method is desired to clean the powder 
or binder from the bottom of the cartridge after the laying 
of each layer of powder to keep the jet outlets open. 
[0049] Returning to FIG. 4, a thin membrane 43, such 
as a squeegee, is located on the gantry outside the print 
slot 42 and the piston boxes 24.26. The cartridge passes 
over the squeegee to cause any powder and binder to 
be scraped off the jet outlets. The problem then remains 
as to how to clean the squeegee 43 and remove the 
powder and binder from this area. 
[0050] One preferred method of cleaning the squee- 
gee area is to squirt a cleaning solution from a proximally 
located cleaning nozzle onto the squeegee 43. This so- 
lution then drains, with debris, down a waste tube and 
into a waste container. Another preferred method is to 
fire the jets so the binder material acts as a cleaning 
solution to rinse the debris off the squeegee 43 and 
down the waste tube into the waste container. 

PRINT SPEED AND PART QUALITY 



[0051] Maximizing build speed is of great interest to 
the user. The build time has two primary components: 
the spreading of the powder and the depositing of the 
binder liquid. The rate of spreading powder is limited by 
several factors, including the need to maintain a smooth 
top layer and to minimize airborne powder. Therefore, 
the preferred method of increasing th build rate is t 
increase the rate of binder deposition. A preferred meth- 
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od to increase the speed of depositing binder is to use 
multiple binder cartridges. 

[0052] FIG. 6 is a schematic diagram of a preferred 
apparatus employing multiple binder cartridges. When 
employing multiple cartridges, the cartridges are placed 
at 90° relative to the single cartridge embodiment de- 
scribed above. That is, printing now occurs along the x- 
axis as the gantry 40 is moved. Because each cartridge 
45 * a 45 ' n 's wider than the area occupied by the bind- 
er jets 47'a 47*n, the cartridges 45*a 45*n must be 

arranged in a special manner to be able to deposit the 
binder liquid over the entire surface area of the top pow- 
der layer in the build chamber 26. If the cartridges 
45 ' a 45 * n are simply placed side-by-side, there are ar- 
eas in which the cartridges 45*a 45'n cannot deposit 

binder. 

[0053] As illustrated, one method of arranging the car- 
tridges 45'a 45'n to provide a binding capability over 

' ~\ a fu(i P rin * area 72 is to arrange the cartridges 45'a 

45'n in several rows in the x-axis so the cartridges 

45 ' a 45 * n overlap to form a continuous sequence of 

binder jets 47*a 47'n along the y-axis. There is, there- 
fore, no movement or reciprocation of any cartridge in 
y-axis direction during binding deposition in contrast to 
the single cartridge system. Binder is preferably sup- 
^ plied to each of the jets in each cartridge through a man- 
..: . , ... . - _ifold 70 from a common reservoir 75. 

[0054] FIG. 7 is a schematic diagram of another pre- 
*- ferred apparatus employing multiple binder cartridges. 

As illustrated, a plurality of binder cartridges 45"a 

45"g are arranged side-by-side and then binder is de- 
posited in two directions. That is, portions of the build 
area 74a 74g can be covered with binder as the car- 
tridges 45"a 45"g move in the negative x direction. 

thereby binding a row of stripes. The cartridges 45 H a,..., 
45"g are then indexed in the y direction by the length of 
the jet array 47 M a 47"g. Another portion of the printa- 
ble area 76 can be covered with binder upon the return 
of the cartridges 45"a,...,45 n g in the positive x direction. 
This can be repeated as many times as necessary to 
cover the entire print area. If the last stroke is in the pos- 
itive x direction, then printing occurs just ahead of 
spreading. 

[0055] An advantage of this technique is that there are 
no extra strokes and therefore there is no penalty in 
binding speed in using this method. A possible disad- 
vantage of this method is that the powder that becomes 
airborne as a result of spreading can get into the jets 
and cause reliability problems with deposit of the binder. 
[0056] If the last stroke is in the positive x direction, 
then the gantry 40 returns to the feed reservoir 24 prior 
to spreading powder. Another method to deposit binder 
in two directions is for the gantry to bind in two strokes, 
return to the feed reservoir 24 and then spread powder 
This has a possible disadvantage of requiring an addi- 
tional number of strokes. This method, however, offers 
an advantage in that powder which becomes airborne 
as a result of spreading does not interfer with the de- 
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positing of binder. Alternatively, printing can be done in 
one direction only for all r just for last two printing 
strokes. 

[0057] FIG. 8 is a schematic diagram of yet another 
preferred apparatus employing multiple binder cartridg- 
es. As illustrated, binder cartridges 45~a 45 m m are 

arranged side-by-side at angles of, for example 45° rel- 
ative to the x-axis. As such, the binder jets 47"*a 47"*m 

are arranged in a continuous line along the y-axis to print 
a continuous print area 78. An advantage of this method 
is that printing can be done in one stroke or a minimal 
number of strokes, depending on the head geometry. 
[0058] One of ordinary skill in the art would recognize 
many variations to the methods described above to op- 
timize various parameters. For example, the heads 
could be at an angle and print in two directions, one 
stripe in each direction. 

[0059] It is desired to achieve consistently high part 
strength despite various problems with the printing of 
particular jets. For example, occasionally certain jets in 
the binder cartridge may not be firing or the firing may 
be flickered as a result of a head that is manufactured 
poorly or one that has become contaminated by powder. 
[0060] FIG. 9 is a schematic diagram of a binder car- 
tridge having a faulty binder jet. As illustrated, the car- 
tridge 45 is one of a plurality of cartridges which print 
along the x-axis as the gantry 40 (FIG. 3) moves. If a 
particular jet 47-6 of a cartridge 45 does not fire, then a 
stripe 96 may appear in the x direction on the particular 
layer of binder that is being printed 64. This creates an 
undesired discontinuity in the printed area 95. The prob- 
lem is that this vertical strip of unbound powder 96 is at 
the same y location y f on each layer, thereby causing a 
plane of delamination once the part is complete. 
[0061] FIG. 1 0 is a schematic diagram of a preferred 
method of printing two layers with a faulty binder jet. In 
accordance with the invention. ajsjiinojin^technique is - 
used to cause the unbound vertical stripes *96-1 .96-2 to 
be placed in different y locations on each layer 
64-1,64-2. thereby distributing the areas of weakness 
throughout the entire part instead of concentrating them 
into one plane. Therefore, the faulty jet 47-6 is located 
at a different y location on each pass relative to every 
adjacent layer. Shingling with a multiple cartridge sys- 
tem can be accomplished by a slight offset y G of the car- 
tridge 45 along the y-axis prior to laying each new layer 
of binder. 

[0062] It is also desirable to optimize the part strength 
while maintaining a high build rate. By depositing more 
binder per unit area, part strength can be improved at 
the expense of decreasing the build rate. In addition, 
high binder volume inside a large volume results in part 
distortion. A preferred method to improve the part 
strength without a large increase in build rate is to in- 
crease the volume of binder as it is applied on the pe- 
rimeter of each layer, thereby forming a hard shell 
around the part. This can be achieved by increasing the 
flow rate when the binder is being applied t the perim- 
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eter, or by applying the binder twice to the perimeter of 
the part This method has the added advantage that it 
controls part distortion of the interior of the parts. 

COLOR PRINTING 



[0063] In this embodiment of the invention, color ink 
jet print heads are incorporated in the binder cartridge, 
thereby providing the capability of printing a wide range 
of colors or ink. Because a preferred system uses these n> 
heads to deposit liquid binder, they can be used to de- 
posit a color binder as the material which causes the 
porous material to bind. Preferably, the powder material 
is white or colorless and can absorb the ink to color the 
powder. As a result, a preferred embodiment of the in- is 
vention can build three-dimensional parts which are in 
color, the color varying throughout the part. 
[0064] A product designer can produce models of 
products with various color schemes and decorations 
already applied to the surface. Such coloring is currently 20 
done painstakingly by hand. In addition, a surgeon can 
prepare for an operation by dissecting a 3-D color-print- 
ed model of a patient's body part to become familiar with 
the three-dimensional arrangement of organs, tumors, 
blood vessels, etc. Data for the model can be obtained 25 
from a Computed Tomography (CT) or Magnetic Reso- 
nator Imaging (MRI) scan. 

[0065] In accordance with a preferred embodiment of 
the invention, software adjusts the color ink to use only 
on the outer edges of each layer, which is the only part 30 
ultimately visible to the user after the build is complete. 
In such a case, a mono-colored binder (e.g., black) is 
used on the inside of part which is not visible to the user. 
This conserves color binder which can be more expen- 
sive and more cumbersome for the user to obtain for 35 
refill. In addition, mono-colored binder may have supe- 
rior properties and thus make for a stronger core in the 
parts. 

[0066] In accordance with the preferred embodiment 
of the invention, a certain quantity of liquid binder is de- 40 
posited into a given volume of powder to produce a well- 
formed part. Too much binder results in the binder mi- 
grating beyond the intended area of the part. This effect 
is customarily called "bleeding.- Quantities of binder be- 
low this certain amount, however, produce progressive- *s 
ly weaker parts. It is desirable to use an optimal quantity 
of binder independent of amount of color. One method 
for producing parts with controlled variations in color is 
as follows. 

[0067] The printer prints onto white powder and has so 
two sets of nozzles. One set of nozzles deposits a black 
binder, the other set of nozzles deposits white binder, 
which should be understood to be colorless or clear 
binder. At each location in the part being built, the two 
types of binder are deposited in a ratio to produce the ss 
shade of gray, white, or black desired in that region of 
part. All regions of the part thus receive the optimal total 
amount of binder needed to produce a strong part. Such 



a techniqu , howev r, requires binder jet heads which 
can produce controlled siz droplets. 
[0068] Although an ink jet print head could be chosen 
to produce droplets of a controlled range of sizes, most 
heads work best if they are used to produce droplets of 
one size only. Thus, if the droplets are distributed uni- 
formly across the layer, each location of the parts cross 
section is hit by either a black droplet or a dear droplet. 
These droplets can be distributed in such a manner that 
when viewed from a sufficient distance a gray is per- 
ceived, but when magnified, it is seen as a pattern of 
dots. Schemes for doing this are known as dithering and 
halftoning. Traditional methods of dithering and halfton- 
ing can be used on each layer to determine where to 
place the droplets of each binder. Algorithms also exist 
for dithering and halftoning techniques to determine the 
optimal placement of droplets that fall on what will be 
the surface of the finished part. 

[0069] By adding additional nozzles that deposit other 
colors of binder, the above schemes can be extended 
to produce full-color parts. 

[0070] A problem arises when the quantity of colored 
binder needed to produce a well-colored part is greater 
than that needed to produce a well-formed part. In that 
case a compromise must be made, either in the coloring 
or among bleeding. If the pigmented liquids do not func- 
tion as a binder, it is possible to deposit much larger 
quantities without affecting mechanical properties of the 
part. 

[0071] In an ideal world, there are inks of three prima- 
ry additive colors: cyan, magenta and yellow. Mixing the 
three primary colors in equal quantities makes black. 
Mixing any two of equal quantities make the three sec- 
ondary colors of purple, green and orange. By mixing 
different ratios of these inks and thinning to white, all 
possible colors can be made. Real inks, however, are 
slightly off in hue and vary in brightness. They, therefore, 
typically cannot be combined to obtain a pure black. 
[0072] Color printing with real-world inks is done by 
placing color dots next to each other so that they don't 
actually mix. The reflected light from the adjacent dots 
mixes in the eye and creates the illusion of an interme- 
diate color, when seen from sufficient distance. If those 
same inks were mixed together, they would yield a mud- 
dy color. Schemes for arranging colored dots are called 
color halftoning or color dithering. 
[0073] It is desirable that the pigments not migrate 
from an area in which they are placed or mixed with ad- 
jacent droplets of a different color. This can be achieved 
by having the pigments set. coagulate, or come out of 
solution or suspension by the heating of the build pow- 
der. Alternatively, the ink liquids can be made immiscible 
with the binder and with the other colors of ink. Thus, 
pigments from the given droplet can only diffuse into an- 
other droplet of the same color. 
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POST-PROCESSING 



[0074] It is desirable to have strong parts which do not 
flake when handled and which have the potential to be 
finished (e.g., sanded, painted or drilled) for a good final 
appearance. The output from the build chamber 26, 
however, may have porous parts which can be weak. In 
addition, the part surface can be rough and flaky. Post- 
processing techniques 7 (FIG. 1) are preferably em- 
ployed to finish the 3-D object prototype 9. 
[0075] The parts can be dipped or painted with a so- 
lution which, through capillary action, infiltrates into the 
pores of the part. The solution preferably includes a sup- 
plemental material, such as an epoxy, a solvent-based 
material, wax, plastic, urethane, or monomers. Once the 
solution forms bonds between the powder particles, 
dries and hardens, the resulting part has improved 
strength. In addition, this process hardens the outer 
shell, which allows the part to be sanded, painted and 
drilled. This also allows the part to be handled without 
powder rubbing off the part, which can be a nuisance to 
the user and can result in gradual decay of the part. 
[0076] The dipping process described above can take 
place in a bath. Parts can be put in a basket with a 
screen on the bottom and then the basket can be dipped 
into the bath. When the basket is removed, it is hung 
over the bath so that the excess solution drips out of the 
basket and back into the bath. This dipping can occur 
in a batch or a continuous process. 
[0077] A preferred solution for part infiltration can be 
an epoxy or solvent-based system. The epoxy can ei- 
ther be a two-part epoxy or a UV curable epoxy. Alter- 
natively, the solution can be a melted material which 
melts at a lower temperature than that at which the parts 
soften. Examples of such melted material include: wax, 
plastic, rubber or metal. For dipping into a melted ma- 
terial, a part can be placed in a bath which is inside an 
enclosure where the air temperature is controlled. Parts 
are put in a basket, heated up in the air and then dipped. 
They can then be removed and stay warm in the warm 
air. 

[0078] In accordance with a preferred embodiment of 
the invention, the part can be preheated in the warm air. 
Preheating the part before dipping into a melted material 
accomplishes three goals. First, it removes moisture 
from the part and thereby hardens the part which can 
reduce the amount of sagging after treatment Second, 
it removes moisture from the part which frees up addi- 
tional volume which can then be infiltrated with the ma- 
terial. This has the result of increasing the final infiltra- 
tion density in the part and thereby improving part 
strength. Third, preheating of the entire part prevents 
the infiltration material from fusing on the outer shell of 
the part when the part is dipped. When the part is heat- 
ed, the material can infiltrate much deeper into the part 55 
which improves final part strength. 
[0079] In accordanc with an alternative embodiment 
of the invention, the part can be freeze dried to remove 



moisture without altering the structure of the part. Infra- 
red lights above the build chamber can also be used to 
increase the drawing rate of the binder. This can also 
improve the overall build rate. In addition, a heated air- 
s flow through the build chamber can be used to acceler- 
ate binder drawing and possibly control moisture. 
[0080] Post-heating of the part can also be used and 
accomplishes two goals. First, it allows draining of 
trapped volumes as the material inside the trap melts 
*o down and out through the bottom of the trap. Second, it 
improves the service finish by remelting and distributing 
any excess material that is frozen on the surface of the 
part. 

[0081] Double dipping can be accomplished by pre- 
15 heating the part, dipping it, post-heating it and then al- 
lowing it to cool. The part is then preheated again, 
dipped again and post-heated again. This provides a 
harder outer shell to the part which improves its appear- 
ance and handling characteristics. The second dip can 
20 be of the same temperature, higher temperature or low- 
er temperature than the original dip. Each of these al- 
ternatives is expected to have different results on the 
final part characteristics. 

[0082] Another method to improve part strength and 
25 harden the outer shell is to utilize a multipart hardener. 
For example, one reactive component of a binary or oth- 
er multipart system can be mixed with the powder and 
thereby be spread with the powder in each layer. The 
second component (and any subsequent components) 
30 can be later added through post-process infiltration as 
described above to harden the shell. Altemativery, one 
reactive component of a multipart system can be mixed 
with the binder and thereby laid wherever the binder is 
deposited. 

35 [0083] In accordance with an alternative embodiment 
of the invention, the part is immersed in a solution in a 
vacuum chamber. When the vacuum is released, the so- 
lution gets sucked into the part. 

[0084] There are several methods for removing com- 
40 pleted parts from the build chamber. One method is to 
vacuum the unbound particles from around the part and 
then pick out the part. A caddie can also be used to re- 
move- the parts. For example, a box can be placed on 
top of the build chamber 26. the powder is raised into 
45 the box. and then a sheet of metal is slid between the 
powder and the build table 27. The whole assembly can 
then be transferred elsewhere for powder removal. 
[0085] In accordance with a preferred embodiment of 
the invention, the walls of the build chamber 26 can be 
so belts moving in the vertical directions to reduce shear 
force against the powder when lifting the powder out of 
the build chamber and into the caddie. 



PISTON BOXES 

[0086] The feed reservoir 24 and the build chamber 
26 both usually contain powdered build material. It is de- 
sirable to prevent this powder from falling through the 
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bottom of these piston boxes 24,26. b cause this could 
cause problems with the piston mechanism below and 
coufd also result in powder accumulation under the box- 
es. In addition, as mentioned above, any airborne pow- 
der can cause a variety of other problems. 
[0087] The feed piston 25 and build piston 27 are pref- 
erably rectangular to maximize the feed and build vol- 
umes within the constraints of the overall machine di- 
mensions. While it is desirable for design purposes to 
have rectangular instead of cylindrical pistons 25,27, the 
feed reservoir 24 and the build chamber 26 preferably 
have rounded inside comers to make it easier to form a 
seal around the pistons 25,27, thereby preventing any 
powder from fafflng'through the bottom of the piston box-' 
es 24,26. This seal is preferably fabricated from a plastic 
material and is fixed to the pistons 25.27. 
[0088] FIG. 11 is a schematic diagram of a preferred 
technique to fabricate the feed reservoir 24 and the build 
chamber 26. The rounded interior corners are preferably 
cut from a section of a thin (e.g.. 3-5 mils) unibody sheet 
metal belt 102 having a circumference equal to the de- 
sired circumference of the box interior. A length of the 
belt 1 02 is cut to equal the final height of the desired box 
24,26. This section of belt 102 is then put around four 
rods 104 defining the comers of the boxes 24,26. The 
belt 102 is placed inside of a containing box 106 having 
sides whose lengths are slightly greater than the dis- 
tance between the respective rods. Urethane 108 is 
then poured between the outside of the belt 102 and the 
inside of the containing box 106. The urethane 108 is 
left to harden. After the urethane has cured the rods 104 
are removed, thus forming a box with a metal interior, 
rounded corners and thin walls (about .125-.25 inch). 

EQUIVALENTS 

[0089] While this invention has been particularly 
shown and described with references to preferred em- 
bodiments thereof, it will be understood by those skilled 
in the art that various changes in form and details may 
be made without departing from the scope of the inven- 
tion as defined by the appended claims. These and all 
other equivalents are intended to be encompassed by 
the following claims. 
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Claims 



An apparatus for fabricating a three-dimensional 
object from a representation of the object stored in 
memory and including a feed reservoir, a build table 
and an overlow cavity, the apparatus being charac- 
terized by: 

a work surface (22) having a first, second and 
third aperture therethrough; 
the f ed reservoir (24) being registered to the 
first aperture of the work surface (22) and hav- 
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ing stored therein a supply f build material (60) 
for forming th object; 

a build chamber (26) registered to the second 
aperture of the work surface (22); 
the build table (27) being in the build chamber 
(26) for receiving incremental layers of the build 
material from the feed reservoir (24) ; and 
the overflow cavity (28) being registered to the 
third aperture of the work surface (22) for re- 
ceiving an excess quantity of build material 
transferred from the feed reservoir (24) but not 
received by the build table (27). 

The apparatus of Claim 1 further comprising a vac- 
uum pump*(34) coupled to the overflow cavity (28) 
to create an air flow path from the overflow cavity. 

The apparatus of Claim 2 further comprising a fitter 
(32) to remove the excess quantity of build material 
from the airflow. 

The apparatus of Claim 3 further comprising a de- 
humidifying element (36) to remove moisture from 
the filtered air flow. 

The apparatus of Claim 2 wherein the vacuum 
pump (34) recirculates air from the air flow. 

6. The apparatus of Claim 2 wherein the vacuum 
pump (34) is decoupleable from the overflow cavity 
and coupleable to a manually moveable inlet (38). 

7. The apparatus of Claim 1 further comprising a plow 
member (49) interfacing with the work surface (22) 
to prevent an accumulation of loose build material 
around the build chamber (26). 

8. The apparatus of Claim 1 further comprising: 

a plurality of binder cartridges (45*"a to 45 m m), 
each cartridge having a plurality of binder jets 
(47" , a to 47"*m) t each binder jet coupled to a 
supply of binder solution; and 
a control unit for controlling each binder jet to 

deposit a controlled quantity of the binder solu- 

tidn at controlled locations on each incremental 
layer of build material. 

9. The apparatus of Claim 1 further comprising: 

a work area (20) at a first air pressure housing 
the work surface, the work area having airborne 
build material therein; 

a clean area (50) at a second air pressure hous- 
ing equipment damageable by the airborne 
build material; and 

a partial seal (90) separating the work area from 
the dean area so there is an air flow from the 
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clean area (50) to the work area (20), there be- 
ing a mechanical coupling through the partial 
seal (90). 

10. The apparatus of Claim 1 wherein the feed reservoir 
(24) and the build chamber (26) each have a wail 
formed from a respective unitary band of material. 

11. The apparatus of Claim 1 further comprising: 

a plurality of binder jets (47) coupled to color 
additives; and 

a control unit (52) controlling the deposit of a 
controlled quantity of the color additives at con- 
trolled locations on a layer of build material. 

12. The apparatus of Claim 1 further comprising a mov- 
able gantry (40) mounted relative to the feed reser- 
voir, the build chamber and the overflow cavity, the 
gantry comprising: 

a plurality of binder jets (47) coupled to a supply 
of binder (75) for depositing binder at selected 
locations on the build material on the build ta- 
ble; and 

a cleaning assembly (43) for removing build 
material from the binder jets (47). 

13. The apparatus of Claim 12 wherein the cleaning as- 
sembly (43) comprises a wiper element cleanable 
by a flow of a solution cleaning. 

14. The apparatus of Claim 13 wherein the cleaning so- 
lution is binder and the binder flows from at least 
one of the binder jets (47). 

15. The apparatus of Claim 12 further comprising an 
abrasive element (29) mounted to the work surface 
(22) and adjacent to the overflow cavity (28), the 
abrasive element (29) interfacing with the gantry 
(40) to remove debris from the gantry (40). 

16. A method of assembling an apparatus for fabricat- 
ing a three-dimensional object from a representa- 
tion of the object stored in memory, comprising the 
steps of: 



at the overflow cavity (28), receiving an exc ss 
quantity of build material transferred from th 
feed reservoir (24) but not received by the build 
table (27). 

1 7. The method of Claim 1 6 further comprising the step 
of coupling a vacuum pump (34) to the overflow cav- 
ity (28) to create an air flow path from the overflow 
cavity (28). 

1 8. The method of Claim 1 7 further comprising the step 
of disposing a filter (32)in the air flow path for filter- 
ing the excess quantity of build material from the air 
flow. 

1 9. The method of Claim 1 8 further comprising the step 
of disposing a dehumidifier (36) in the air flow path 
for removing moisture from the filtered air flow. 

20 20. The method of Claim 1 7 wherein the vacuum pump 
(34) recirculates air along the air flow. 
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forming a first, second and third aperture 
through a work surface (22); 
registering a feed reservoir (24) to the first ap- 
erture, a build chamber (26) to the second ap- 
erture, and an overflow cavity (28) to the third 
aperture of the work surface (22); 
in the feed reservoir (24), storing a supply of 
build material (60) for forming the object- 
on a build table (27) in the build chamber (26), 
receiving incr mental layers of the build mate- 
rial from the fe d reservoir (24); and 



21. The method of Claim 17 further comprising the 
steps of: 

disposing a valve (39) between the vacuum 
pump (34) and the overflow cavity (28); and 
through the valve (39) t coupling the vacuum 
pump (34) to a manually moveable inlet (38). 

22. The method of Claim 16 further comprising the step 
of interfacing a plow member (49) with the work sur- 
face (22) to prevent accumulation of loose build ma- 
terial around the build chamber (26). 

23. The method of Claim 16 further comprising the 
steps of: 

providing a plurality of binder jets (47"*a to 
47"^); 

arranging the binder jets in a plurality of binder 
cartridges (45*"a to 45 m m); 
coupling each binder jet to a supply of binder 
solution; and 

controlling each binder jet to deposit a control- 
led quantity of the binder solution at controlled 
locations on each incremental layer of build ma- 
terial. 



so 24. The method of Claim 16 further comprising the 
steps of: 

housing the work surface (22) in a work area 
(20) at a first air pressure having airborne build 
55 material therein; 

housing equipment damageable by the air- 
borne build material in a clean area (50) at a 
second air pressure; and 
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forming an air Row from the clean area (50) to 
the work area (20) through a partial seal (90) 
which separates the work area (20) from the 
clean area (50), there being a mechanical cou- 
pling through the partial seal. 

25. The method of Claim 16 further comprising the step 
of forming a wall of the feed reservoir (24) and the 
build chamber (26) from a respective unitary band 
of material. 

26. The method of Claim 16 further comprising the step 
of: 

coupling a plurality of binder jets (47) to color 
additives; and 

depositing a controlled quantity of the color ad- 
ditives at controlled locations on a layer of build 
material. 



27. 



The method of Claim 16 further comprising the step 
of mounting a movable gantry (40) relative to the 
feed reservoir (24), the build chamber (29) and the 
overflow cavity (28), the gantry (40) comprising: 

a plurality of binder jets (47) coupled to a supply 
of binder (75) for depositing binder at selected 
locations on the build material on the build ta- 
ble; and 

a cleaning assembly (43) for removing build 
material from the binder jets (47). 
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28. The method of Claim 27 wherein the cleaning as- 
sembly (43)" comprises a wiper element and further 
comprising a cleaning solution to clean build mate- 35 
rial from the wiper element. 

29. The method of Claim 28 wherein the cleaning solu- 
tion is binder flowing from at least one of the binder 
Jets (47). 4Q 

30. The method of Claim 26 further comprising the step 
of disposing, on the work surface, an abrasive ele- 
ment (29) adjacent to the overflow cavity (28) for 
removing debris from the gantry (40). 45 



wobei der Zufuhrungsbehalter (24) zu der er- 
sten Offnung d r Arbeitsfiache (22) ausgerichtet ist 
und darin einen Vorrat an Aufbaumaterial (60) zum 
Formen dee Objektes gespeichert hat, 

eine Aufbaukammer (26), die zu der zweiten 
Offnung der Arbeitsfiache (22) ausgerichtet ist 

wobei sich der Aufbautisch (27) in der Aufbau- 
kammer (26) befindet. urn inkrementelle Schichten 
des Aufbaumaterials aus dem Zufuhrungsbehalter 
(24) aufzunehmen; und 

der Oberlaufhohlraum (28) zu der dritten Off- 
nung der Arbeitsfiache (22) ausrichtet ist, urn eine 
uberschussige Menge des aus dem Zufuhrungsbe- 
halter (24) ubertragenen, aber nicht von dem Auf- 
bautisch (27) aufgenommenen Material aufzuneh- 
men. 

Vorrichtung nach Anspruch 1, femer mit einer Va- 
kuumpumpe (34), wefche mit dem Oberlaufhohl- 
raum (28) verbunden ist, urn einen Luftstrompfad 
aus dem Oberlaufhohlraum auszubilden. 

Vorrichtung nach Anspruch 2. femer mit einem Fil- 
ter (32). urn die uberschOssige Menge an Aufbau- 
material aus dem Luftetrom zu entfernen. 

Vorrichtung nach Anspruch 3, ferner mit einem Ent- 
feuchtungseiement (36), urn Feuchtigkeit aus dem 
gefilterten Luftstrom zu entfernen. 

Vorrichtung nach Anspruch 2, wobei die Vakuum- 
pumpe (34) Luft aus dem Luftstrom zuruckfuhrt. 

Vorrichtung nach Anspruch 2, wobei die Vakuum- 
pumpe (34) von dem Oberlaufhohlraum abtrennbar 
ist, und mit einem manuell bewegbaren Einlafc (38) 
verbindbar ist. 

Vorrichtung nach Anspruch 1. ferner mit einem mit 
der Arbeitsfiache (22) in Beruhrung stehenden Pflu- 
gelement(49), urn eine Ansammlung vonlosen Auf- 
baumaterial urn die Aufbaukammer (26) herum zu 
verhindern. 



8. Vorrichtung nach Anspruch 1 , femer mit 



3. 



Patentansp niche 

1. Vorrichtung zum Herstellen eines dreidimensiona- so 
len Objektes aus einer in einem Speicher gespei- 
cherten Presentation des Objektes und mit einem 
Zufuhrungsbehalter, einem Aufbautisch und einem 
Oberlaufhohlraum. wobei die Vorrichtung gekenn- 
zeichnet ist durch: 55 

eine Arbeitsfiache (22) mit einer ersten, zwei- 
ten und dritten Offnung durch diese hindurch; 



einer Vlelzahl von Binderkassetten (45~a bis 
45"*m), wobei jede Kassette eine Vieizahl von 
Binderdusen (47**a bis 47~m) besitzt. und jede 
Binderduse mit einem Vorrat einer Binderid- 
sung verbunden ist; und 

einer Steuereinheit zum Steuern jeder Binder- 
duse, urn eine kontrollierte Menge der Binder- 
iosung an kontroliierten Stellen jeder inkremen- 
tellen Schicht des Aufbaumaterials abzuschei- 
den. 
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9. Vorrichtung nach Anspruch 1 , femer mil; 

inem Arbeitsbereich (20) bei einem die Ar- 
beitsflache einschfiettenden ersten Luftdruck, 
wobei der Arbeitsbereich in der Luft schweben- 
des (airborne) Aufbaumaterial darin enthalt; 

einem Reinbereicb (50) bei einem die Einricb- 
tungen. die durch das in der Luft schwebende 
Aufbaumaterial beschadigt werden konnen, 
einschiieftendem zweiten Luftdruck: und 

eine Teilabdichtung (90). welche den Arbei- 
tebereich von dem Reinbereich trennt, so daft 
em Luftstrom aus dem Reinbereich (50) zu dem 
Arbeitsbereich (20) vorliegt, wobei eine mecha- 
nische Verbindung durch die Teilabdichtung 
(90) vorliegt. 

10. Vorrichtung nach Anspruch 1, wobei der Zufuh- 
rungsbehalter (24) und die Aufbaukammer (26) je- 
weils eine Wand ausgebildet aus einem entspre- 
chenden einheitlichen Materialband besitzen. 

11. Vorrichtung nach Anspruch 1, ferner mit: 

einer Vielzahl von Binderdusen (47), welche 
mit Farbstoffzusatzen verbunden sind; und 

einer Steuereinheit (52), welche die Abschei- 2 
dung einer kontrollierten Menge der Farbzusat- 
ze an kontrollierten Stelien auf einer Schicht 
des Aufbaumaterials steuert. 



10 



15 



12. Vorrichtung nach Anspruch 1. femer mit einem be- 
weglichen Portal (40), das im Bezug zu den Zufuh- 
rungsbehalter, der Aufbaukanmer und dem Uber- 
laufhohfraum befestigt ist, wobei das Fortal auf- 
weist: 

eine Vielzahl von Binderdusen (47). die mit ei- 
nem Bindervorrat (75) verbunden sind, urn Bin- 
der an ausgewahften Steilen auf dem Aufbau- 
material auf dem Aufbautisch abzuscheiden; 
und 

eine Reinigungsanordnung (43) zum Entfernen 
von Aufbaumaterial von dem Binderdusen (47). 



35 
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15. Vorrichtung nach Anspruch 12. femer mit ein Ar> 
trags iement (29). das auf der Arbeitsflache (22) 
und angrenzend an den Uberfaufhohfraum (28) be- 
festigt ist, wobei das Abtragselement (29) mit dem 
Portal (40) in Beruhrung steht. urn Reste von dem 
Portal (40) zu entfernen. 

16. Verfahren zum Bau einer Vorrichtung zum Herstel- 
len eines dreidimensionalen Objektes aus einer in 
einem Speicher gespetcherten Presentation des 
Objektes mit den Schritten. 

Erzeugen einer ersten, zweiten und dritten OfT- 
nung durch eine Arbeitsflache (22) hindurch; 

Ausrichten eines Zufuhrungsbehalters (24) zu 
der ersten OfTnung der Arbeitsflache (22). einer 
Aufbaukammer (26) zu der zweiten Offnung, 
und eines Uberiaufhohlraums (28) zu der drit- 
1 ten Offnung der Arbeitsflache (22) ; 

in dem Zufuhrungsbehalter (24) Speichern ei- 
nes Vorrats an Aufbaumaterial (60) zum For- 
men des Objektes; 

auf einem Aufbautisch (27) in der Aufbaukam- 
mer (26) Aufnehmen inkrementeller Schichten 
des Aufbaumaterials aus dem Zufuhrungsbe- 
halter (24); und 

bei dem Uberiaufhohlraum (28) Aufnehmen ei- 
ner uberschussigen Menge des aus dem Zu- 
fuhrungsbehalter (24) ubertrageren, abernicht 
von dem Aufbautisch (27) aufgenommenen 
Aufbaumaterials. 

17. Verfahren nach Anspruch 16. femer mit dem Schritt 
der Verbindung einer Vakuumpumpe (34) mit dem 
Uberiaufhohlraum (28). urn einen Luftstrompfad 
aus dem Uberiaufhohlraum (28) auszubitden. 



18. 



Verfahren nach Anspruch 17, femer mit dem Schritt 
der Anordnung eines Filters (32) in dem Luttstrom- 
pfad. urn die uberschussige Menge an Aufbauma- 
terial aus dem Luftstrom zu filtern. 



13. 



vorrichtung nach Anspruch 12. wobei die Reini- 
gungsanordnung (43) ein Wischerelement auf- 
weist, das durch den Strom einer Reinigungslosung 
gereinigt werden kann. 



14. Vorrichtung nach Anspruch 13, wobei die Reini- 
gungslosung Binder ist. und der Binder aus wenig- 
sten einer der Bind rdusen (47) stromt. 



19. Verfahren nach Anspruch 18, femer mit dem Schritt 
der Anordnung eines EntfeuchUmgselements (36) 
in dem Luftstrompfad, urn Feuchtigkeit aus dem ge- 

50 filterten Luftstrom zu entfernen. 

20. Verfahren nach Anspruch 17, wobei die Vakuum- 
pumpe (34) Luft entlang dem Luftstrom zuruckfuhrt. 

21 . Verfahren nach Anspruch 1 7. femer mit den Schrit- 
ten: 

Anordnen eines Ventils (39) zwischen der Va- 
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22. 



kuumpumpe (34) und dem Uberlaufhohlraum 
(28); und 

uber das Ventil (39) Verbinden der Vakuum- 
pumpe (34) mit einem manuell bewegbaren 
EinlaG (38). 

Verfahren nach Anspruch 16, femer mit dem 
Schritt. ein Pflugelements (49) mit der Arbeitsftache 
(22) in Beruhrung zu bringen, urn eine Ansammfung 
von losen Aufbaumaterial urn die Aufbaukammer 
(26) herum zu verbindem. 
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23. Verfahren nach Anspruch 16, ferner mit den Schrit- 
ten: 15 

Bereitsteilen einer Vrelzahl von Binderdusen 
(47 n, a bis 47 m m); 



Anordnen der Binderdusen in einer Vielzahl 
von Binderkassetten (45*"a bis 45"'m); 

Verbinden jeder Binderduse mit einem Vorrat 
einer Bindertosung; und 

Steuern jeder Binderduse. urn eine kontrollierte 
Menge der Bindesrlosung an kontrollierten 
Stellen jeder inkrementeilen Schicht des Auf- 
baumaterials abzuscheiden. 

24. Verfahren nach Anspruch 16, ferner mit den Schrit- 
ten: 

Einschlieflen der Arbeitsftache (22) in einem 
Arbeitabereich (20) bei einem ersten Luftdruck 
mit in der Luft schwebendem Aufbaumaterial 
darin; 

Einschlieften der einrichtungen. die durch das 
in der Luft schwebende Aufbaumaterial be- 
schadtgt werden konnen, in einen Reinbereich 
(50) bei einem zweiten Luftdruck, und 

Erzeugen eines Luftstroms aus dem Reinbe- 
reich (50) zu dem Arbeitsbereich (20) durch ei- 
ne Teilabdichtung (90). welche den Arbeitsbe- 
reich (20) von dem Reinbereich (50) trennt. wo- 
bei eine mechanische Verbindung durch die 
Teilabdichtung (90) voriiegt 



Verbinden einer Vietzahl von Binderdusen (47) 
mit Farbst ffzusatzen; und 

Abscheiden einer kontronierten Menge der 
Farbzusatze an kontrollierten Stellen auf einer 
Schicht des Aufbaumaterials. 

Verfahren nach Anspruch 16. ferner mit dem Schritt 
der Montage eines im Bezug auf den Zufuhrungs- 
behalter. die Aufbaukammer und den Gberlaufhohl- 
raum bewebaren Portals (40), wobei das Portal auf- 
weist: 

eine Vielzahl von Binderdusen (47). die mit ei- 
nem Bindervorrat (75) verbunden sind, urn Bin- 
der an ausgewahlten Stellen auf dem Aufbau- 
material auf dem Aufbautisch abzuscheiden; 
und 

eine Reinigungsanordnung (43) zum Entfernen 
von Aufbaumaterial von dem Binderdusen (47). 

28. Verfahren nach Anspruch 27, wobei die Reini- 
gungsanordnung (43) ein Wischerelement aufweist 
und femer eine Reinigungslosung aufweist, urn das 
Aufbaumaterial von dem Wischerelement zu tren- 



29. Verfahren nach Anspruch 28, wobei die Reini- 
gungslosung Binder ist, welcher aus wenigstens ei- 
ner von den Binderdusen (47) stromt. 

30. Verfahren nach Anspruch 26, ferner mit dem Schritt 
der Anordnung eines Abtragselements (29) auf der 
Arbeitsflache angrenzend an den Uberlaufhohl- 
raum (28), urn Reste von dem Portal (40) zu entfer- 
nen. 



20 



40 Revindications 



1. 



25. 



Verfahren nach Anspruch 16, femer mit dem Schritt 
der Erzeugung einer Wand des Zufuhrungsbehal- 
ters (24) und der Aufbaukammer (26) aus einem 
entsprechenden einheitlichen Materialband. 



26. Verfahren nach Anspruch 16, ferner mit den Schrit- 
ten: 
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Appareil de fabrication d'un objet en trois dimen- 
sions a partir de la representation de I'objet stockee 
dans une memoire, et incluant un reservoir d'ali- 
mentation. une table de formage et une cavit6 de 
debordement, I'appareil etant caracterise par 

une surface de travail (22) dans laquelle sont 
menagees des premiere, deuxieme et troisieme 
ouvertures; 

le reservoir d'alimentation (24) etant situe en 
face de la premiere ouverture menagee dans la sur- 
face de travail (22) et comportant a I'interieur une 
reserve de matiere de formage (60) destine a for- 
mer I'objet ; 

une chambre de formage (26) etant situee en 
face de la deuxieme ouverture menagee dans la 
surface de travail (22) ; 

la table de formage (27) etant situee dans la 
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chambre de formag (26) en vue de recevoir des 
couches successives de matiere de formage pro- 
venant du reservoir d'alimentation (24) ; et 

!a cavite de debordement (28) etant situee en 
face de la Iroisieme ouverture menagee dans la sur- 
face de travail (22) en vue de recevoir une quantite 
excedentaire de matiere de formage qui provient du 
reservoir d'alimentation (24) mais qui n'est pas re- 
cue par la table de formage (27). 

2. Appareil selon la revendication 1 comprenant en 
outre une pompe a vide (34) couplee a la cavite de 
debordement (28) afin de realiser un trajet d'ecou- 
lement d'air depuis la cavite de debordement. - * 

3. Appareil selon la revendication 2 comprenant en 
outre un fittre (32) destine a retirer la quantiteexce- 
dentaire de matiere de formage de I'ecoulement 
d'air. 

4. Appareil selon la revendication 3 comprenant en 
outre un element deshumidrficateur (36) destine a 
retirer I'humidite de I'ecoulement d'air filtre. 

5. Appareil selon la revendication 2, dans lequel la 25 
pompe a vide (34) fait recircuter I'air provenant de 
Pecoulement d'air. 

6. Appareil selon la revendication 2 dans lequel la 
pompe a vide (34) peut etre decouplee de la cavite 30 
de debordement et etre couplee a une entree (38) 
deplacable manueliement. 

Appareil selon la revendication 1 comprenant un 
element de deblayage (49) cooperant avec la sur- 35 
face de travail (22) en vue d'empecher une accu- . 
mulation de matiere de formage molle autour de la 
chambre de formage (26). 
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7. 



Appareil selon la revendication 1 comprenant en 
outre : 

une pluralite de cartouches de liant (45"*a a 
45 wt m) comportant une pluralites de buses de 
liant. chaqu e buse d e liant etant couplee a une 
reserve defiant en solution ; et 
une unite de commande destinee a comman- 
der chaque buse de liant pour deposer une 
quantite commandee de liant en solution en 
des emplacements commandes sur chaque 
couche successives de matiere de formage. 

Appareil selon la revendication 1 comprenant en 
outre : 

une zone de travail (20) a une premiere pres- 
sion d'air dans laquelle est situe la surface de 
travail et dans laquelle se trouv de la matiere 
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de formage en suspension dans fair ; 
une 2 nepropre(50)aunedeuxiemepression 
d'air dans laquelle se trouve un equipement qui 
peut etre endommage par la matiere de forma- 
ge en suspension dans Tair ; et 
un joint d'etancheite partielle (90) separant la 
zone de travail de la zone propre de facon a 
etablir un ecoulement (fair de la zone propre 
(50) vers la zone de travail (20) t le joint d'etan- 
cheite partielle (90) realisant un couplage me- 
canique. 

10. Appareil selon fa revendication 1, dans lequel le re- 
servoir d'alimentation (24) et la chambre de forma- 
ge (26) comportent chacun une paroi formee par 
une bande de matiere unitaire respective. 

11. Appareil selon la revendication 1 comprenant en 
outre : 

une pluralite de buses de liant (47) couplees a 
des additifs colores ; et 

une unit6 de commande (52) commandant le 
depdt de la quantite commandee des additifs 
colores en des emplacements commandes sur 
une couche de matiere de formage. 

12. Appareil selon la revendication ^comprenant en 
outre un portique (40) monte de facon mobile par 
rapport au reservoir d'alimentation, a la chambre de 
formage et a la cavite de debordement. le portique 
comprenant : 

une pluralite de buses de liant (47) couplees a 
, une reserve de liant (75) en vue de deposer du 
liant en des emplacements setectionn6s sur la 
matiere de formage sur la table de formage ; et 
un ensemble de nettoyage (43) destine a retirer 
de la matiere de formage des buses de liant 
(47). 



13. Appareil selon la revendication 12, dans lequel I'en- 
semble de nettoyage (43) comprend un Element 
d'essuyage pouvant §tre nettoye au moyen d'un flux 

45 de solution de nettoyage. 

14. Appareil selon la revendication 13. dans lequel la 
solution de nettoyage est le liant et dans lequel le 
liant s'ecoule par au moins une des buses de liant 
(47). 

15. Appareil selon la revendication 12 comprenant en 
outre un element abrasif (29) monte a la surface de 
travail (22) et adjacent a la cavite de debordement 
(28). ('element abrasif (29) cooperant avec le porti- 
que (40) pour retirer des debris du portique (40). 

16. Precede d'assemblage <fun appareil de fabrication 
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d'un objet en trois dimensions a partir d'un repre- 
sentation de I'objetstocke en memoire. comprenant 
les etapes consistant a : 

- menager des premiere, deuxieme et troisieme 
ouvertures dans une surface de travail (22); 
placer un reservoir d'alimentation (24) en face 
de ia premiere ouverture, une chambre de for- 
mage (26) en face de la deuxieme ouverture, 
et une cavite de debordement (28) en face de 
la troisieme ouverture de la surface de travail 
(22); 

stocker dans le reservoir (24) une reserve de 
matiere de formage (60) en vue de former 
robjet ; 

recevoir des couches successives (24) sur une 
table de formage (27) se trouvant dans la 
chambre de formage (26); et 
recevoir a u niveau de la cavite de debordement 
(28) une quantite excedentaire de matiere de 
formage provenant du reservoir d'alimentation 
(24) et non recue par la table de formage (27). 

17. Precede selon la revendication 16 comprenant en 
outre I'etape consistant a coupler une pompe a vide 
(34) a la cavite de debordement (28) afin de reaiiser 
un trajet d'ecoulement d'air depuis la cavite de de- 
bordement (28). 
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18. 



Procede selon la revendication 17 comprenant en 
outre retape consistant a placer un filtre (32) dans 
le trajet d'ecoulement d'air en vue de ftltrer de 
recoupment d'air la quantite excedentaire de ma- 
tiere de formage. 
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23. Procede selon la revendication 16 comprenant en 
outre les etapes consistant a : 

prevoir une pfuralites de buses de liant (47~a a 
47-01); 

placer les buses de liant dans une pluralite de 
cartouches de liant (45~a a 45 m m); 
coupler chaque buse de liant a une reserve de 
solution de liant ; et 

commander chaque buse de liant en vue de de- 
poser une quantite commandee de ia solution 
de liant en des emplacements commandes sur 
chaque couche successive de matiere de for- 
mage. 

24. Procede selon la revendication 16 comprenant en 
outre les etapes consistant a : 

placer la surface de travail (22) dans une zone 
de travail (20) a une premier pression d'air dans 
laquelle se trouve de la matiere de formage en 
suspension dans fair, 

placer un equipement pouvant etre endomrna- 
ge par la matiere de formage en suspension 
dans fair dans une zone propre (50) a une 
deuxieme pression d'air ; et 
etabiir un ecoulement d'air de la zone propre 
(50) vers le zone de travail (20) via un joint 
d'etancheite partielle (90) qui separe la zone de 
travail (20) de la zone propre (50). le joint 
d'etancheite partielle realisant un couplage me- 
canique. 



25. 



19. Procede selon la revendication 18 comprenant en 
outre I'etape consistant a placer un deshumidifica- 
teur (36) dans le trajet d'ecoulement d'air en vue de 
retirer I'humidite de recoulement d'air filtre. 
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Procede selon la revendication 16 comprenant en 
outre I'etape consistant a former une parol entre le 
reservoir d'alimentation et la chambre de formage 
au moyen d'une bande de matiere unitaire respec- 
tive. 



20 



Procede selon la revendication 17, dans lequel la 
pompe a vide (34) fait recirculer I'airde recoupment 
d'air 
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21. Procede selon la revendication 17 comprenant en 
outre les etapes consistant a : 

placer une vanne (39) entre la pompe a vide 
(34) et la cavite de debordement (28); et 
coupler au moyen de la vanne (39) la pompe a 
vide (34) a une entree (38) deplacable manuel- 
lement. 

22. Procede selon la revendication 16 comprenant en 
outre I'etape consistant a faire cooperer relement 
de deblayage (49) avec la surface de travail (22) en 
vue d'empecher ('accumulation de matiere de for- 
mag molle autour de la chambre de formage (26). 
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26. Procede selon la revendication 16 comprenant en 
outre I'etape consistant a : 

coupler une pluralite de buses de liant (47) a 
des additifs colores ; et 

deposer une quantite commandee d'additifs 
colores en des emplacements commandes sur 
une couches de matiere de formage. 

27. Procede selon la revendication 16 comprenant en 
outre retape consistant a monter un portique (40) 
de facon mobile par rapport au reservoir d'alimen- 
tation (24). a fa chambre de formage (29) et a la 
cavite de debordement (28), le portique (40) 
comprenant : 

une pluralite de buses de liant (47) coupiees a 
une reserve de liant (75) n vue de deposer du 
liant en des emplacements selectionnes sur la 
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matiere de foimage sur la tabl de formage ; et 
un ensemble de nettoyage (43) destine a retirer 
de la matiere de formage des buses de liant 
(47). 

28. Precede selon la revendication 27, dans lequel I'en- 
semble de nettoyage (43) comprend un element 
d'essuyage ainsi qu'une solution de nettoyage des- 
tinee a nettoyer la matiere de formage de ('element 
d'essuyage. 

29. Procede selon la revendication 28, dans lequel fa 
solution de nettoyage est le liant s'ecoulant par au 
moins une des buses de liant (47). 

30. Procede selon la revendication 26 comprenant en 
outre I'etape consistent a placer un element abrasif 
(29) sur la surface de travail (22) et adjacent a la 
cavite de debordement (28) en vue de retirer des 
debris du portique (40). 
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